Purpose Pars plana vitrectomy (PPV) is commonly used to remove the epiretinal membrane (ERM), but the timing of surgical intervention guided by visual acuity (VA) performance at presentation is uncertain. Patients and methods Prospectively entered clinical data of 237 patients on an electronic patient record from 2001 to 2011 were analysed to determine visual outcomes, in particular in relation to pre-operative VA.
Introduction
The epiretinal membrane (ERM) is a semitranslucent, glial, fibrocellular membrane found on the inner surface of the internal limiting membrane (ILM) at the macula. They are usually caused by glial proliferation on the surface of the macula and can cause varying degrees of retinal distortion or even cystic macular changes with consequent visual deterioration. They most commonly occur in the elderly population and can cause distortion, blurring of vision, and in some cases severe vision loss. 1, 2 Machemer et al 3 were the first to describe pars plana vitrectomy (PPV) with ERM peeling procedures. Several studies have shown this procedure to be beneficial to patients' longterm visual acuity (VA). 2 Over the course of the last decade, there have been significant improvements in vitreo-retinal techniques leading to reduced complication rates and better outcomes for patients. 2 Patients with poor preoperative VA have been seen to have more frequent and greater improvement in VA. 4 However, are better visual outcomes achieved by operating when there is better pre-operative vision? Surgery can lead to complications, which can worsen vision and in some cases cause complete visual loss in the operated eye. 5 In addition, many ERMs are asymptomatic and non-progressive. Population studies have shown the rate of progression of ERMs to be between 16 and 33%. 6 ERMs have even been reported to regress in around a quarter of cases. 6 It is therefore important to identify when to intervene with surgery. Visual acuity is commonly used as an indicator for timing of surgical intervention and its outcomes. In this study, data were analysed to identify the visual outcomes of ERM surgery to try to guide the surgeon on the success rates for this surgery at different levels of presenting VA.
Materials and methods
Data on consecutive patients presenting with idiopathic ERM to a single surgeon's (THW) vitreoretinal service over a 10-year period were entered prospectively into an electronic patient record (Vitreor available with Vitreoretinal Surgery, Springer). 7 Data from initial and follow-up clinic visits and intraoperative data were included in the database. The data were then retrospectively reviewed and analysed.
Only the first eye of patients identified with an ERM were included in the study. Pre-operative clinical examination was used to identify the first eye involved. Those with secondary ERM from uveitis, prior retinal detachment, vascular occlusion, diabetic retinopathy, or trauma were excluded. Patients with VMT were not excluded as the authors regard VMT with ERM as a variant of idiopathic ERM. The presence or absence of PVD was noted pre-operatively and the induction of PVD was noted during surgery.
Other recorded data included the laterality of the ERM, duration of symptoms, duration of follow-up, and both pre-and post-operative logMAR VA. In addition, preoperative data on the status of the lens (including the presence of visually significant cataract or pseudophakia) and date of prior cataract surgery were recorded. Perioperative interventions and complications were recorded. Post-operative VA was recorded as a measure of surgical outcome.
All patients underwent standard three-port PPV with or without concurrent small-incision phacoemulsification and intraocular lens implantation. ERM peeling was performed with micro-forceps with the aid of a dye if deemed necessary by the surgeon intra-operatively. Ethical approval for the study was obtained from the local research ethics committee in 2001(Guys & St Thomas' NHS Foundation Trust). SPSS for Windows version 17 (SPSS Inc., Chicago, IL, USA) was used for data analysis. All data were tested for normality and appropriate statistical tests were used for analysis. Nonparametric tests used included the Chi-squared analysis, the Mann-Whitney U-test, and the Jonckheere Terpstra test. The latter was used to assess ordered differences between groups-that is, to assess the presence of an upward or downward trend. A P-value o0.05 was considered statistically significant.
Results
Five cases (1.5%) were excluded because of insufficient data availability. A total of 237 patients were included in this study in which surgery was performed between 14 February 2001 and 25 October 2011. Of them, 129 (54.4%) were female with the average age of the cohort being 68.8 years (SD 9.5), ranging from 28.5-94.4 years. The mean spherical equivalent was found to be 0.00 Dioptres (SD 2.51) and the average intraocular pressure of the affected eyes pre-operatively was 15 mmHg (SD 2.60). The median duration of follow-up was 0.55 years (0.32-1.01). The duration of visual loss was available for only 153 patients with a median of 1 year (range 0.12-10 years). Dye was used in 76 cases: trypan blue was used in 73 cases, brilliant blue was used in 1 case, indocyanine green was used in 1 case, and trypan and brilliant blue were used together in 2 cases. The use of dye was shown to have no effect on the change in VA of patients (P ¼ 0.098; Mann-Whitney U). Intraoperative variables and complications are illustrated in Table 1 .
Pre-operative and post-operative visual acuities are plotted on a scatter graph (linear R 2 ¼ 0.22, Po0.0001; Figure 1 ). Both pre-and post-operative visual acuities were found to be non-normally distributed (ShapiroWilk Test; Po0.05). The median pre-operative logMAR VA was 0.60 (SD 0.48-0.78; Snellen equivalent 6/36) and post-operative was 0.30 (SD 0.18-0.60; 6/12). The difference was found to be statistically significant (Wilcoxin signed rank; Po0.005) with the median change in logMAR VA being 0.18 (SD 0.00-0.42).
A total of 165 (69.6%) patients showed an improvement in VA following the procedure; 36 (15.2%) had no change and 36 (15.2%) had a worse VA postoperatively. The median pre-operative VA for those whose vision worsened was 0.48 (6/18). The demographics for this group were similar to those whose vision remained the same or improved. Eighty patients (34%) showed an improvement in VA by more than 0.3 LogMAR post-operatively. A total of 168 patients (70.8%) achieved a post-operative VA of 6/18 or more and 135 patients (57.0%) had a post-operative VA of 6/12 or more.
Most patients (n ¼ 201; 85%) were phakic and 36 (15%) were pseudophakic at the time of surgery. An overall 146 patients (61%) were observed to have cataract preoperatively. Almost half (n ¼ 125; 53%) had combined PPV and lens extraction; 115 of these patients had cataract and 10 had a normal lens. A third of patients (n ¼ 76; 32.4%) were phakic at follow-up. The preoperative, post-operative, and change in VA of patients who were both phakic and pseudophakic were all found to be non-normally distributed (Shapiro-Wilks; Po0.05). No significant difference (Mann-Whitney U-test; P ¼ 0.27) in change in VA post-operatively was found between patients who were phakic (including those with cataract that was not removed) and patients who were pseudophakic (either had cataract extraction prior to or at the time of operation). No significant difference in change in VA was found between patients who were previously pseudophakic and those who were rendered pseudophakic at the time of ERM peeling (MannWhitney U-test; P ¼ 0.84).
To further explore the importance of pre-operative VA on outcome, this variable was used to categorise patients into three groups: VA 0.5 (6/19) or better, VA 0.6-0.9 (6/24-6/48), and VA 1.0 (6/60) or worse. The number of patients in each of the groups and a summary of medians and interquartile ranges can be seen in Table 2 . Overall, post-operative VA was found to be greatest in those who had a pre-operative VA of 0.5 or better (median VA 0.18, range 0.14-0. The data were then categorised according to the year in which surgery had taken place. Median pre-operative VA, post-operative VA, and change in VA between 2001 and 2011 can be seen in Table 3 . A statistically significant increase was found between the median change in visual acuities in order from 2001 to 2011; that is, patients operated upon in the more recent years had statistically greater change in VA than those operated upon in earlier years (Jonckheere Terpstra Test; P ¼ 0.004). The median post-operative VA also improved from 2001 to 2011 (Jonckheere Terpstra; P ¼ 0.001). There was no change in pre-operative VA (Jonckheere Terpstra; P ¼ 0.022). Figure 1 Scatter plot of pre-operative versus post-operative visual acuity. VA, visual acuity.
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Eye Post-operative complications are shown in Table 4 and include retinal detachment in two eyes (0.8%), one phthisis (0.4%), and three recurrences of ERMs (1.3%) at follow-up.
Discussion
ERMs are commonly idiopathic, following a posterior vitreous detachment, or can be secondary to a number of retinal disorders including uveitis, trauma, prior surgery, or retinal breaks. Idiopathic ERM incidence increases with age from less than 4% in those under 60 years to 20% in those over 75 years, as reported in one autopsy study. 6, 8 The results of this study demonstrate improvement in visual acuity after surgery for ERM. The largest improvement in vision was found in those patients with the worst pre-operative VA. This contrasts with other conditions of the macula in which interventions become ineffective once the VA deteriorates severely-for example, diabetic maculopathy and age-related macular degeneration. [9] [10] [11] It should be noted that those with better initial VA have to gain less to achieve optimal VA compared with those with worse initial VA; therefore, this ceiling effect may be a factor in the comparably greater change in VA in the latter group.
The regression line in Figure 1 diverges from the unit line more markedly for patients with poorer preoperative VA. This corresponds to the clinical assumption of patients experiencing a greater improvement in VA when operated on at a level of poorer pre-operative VA. The intersection between the unit and regression lines is very close to zero and so it would, on average, appear that all except those patients with LogMAR VA better than 0.1 would improve with surgery. It should also be noted, however, that, even though VA may remain unchanged for many patients close to the unit line, perceived visual quality may improve as ERM removal also improves symptoms of metamorphopsia. OCT displays ERMs as a thin, smooth, hyper-reflective line along the surface of the retina and allows the examination of secondary changes in the retina, such as cystoid macular oedema and loss of the inner segment/ outer segment line and external limiting membrane. Improved OCT imaging may have led to better identification of ERMs and their effects on the retina, influencing outcomes of surgery, and may account for some of the improvement in outcomes in the later years but the numbers in the subcategories are too small to confirm this. Currently, using discriminant functions based on pre-operative VA and duration of visual blur alone yields up to 80% accuracy when classifying eyes into a group showing improvement in VA. 12, 13 The use of dye is unlikely to be a factor in the improvement in outcomes as no difference was found in change in VA when a comparison was made between the presence or absence of dye. Both surgical instrumentation and technique remained stable throughout the study and the criteria for operating on ERMs have not changed. Our numbers of small-gauge PPV surgeries were regarded as too small to allow assessment of that variable. However, other studies have shown quicker visual recovery and fewer complications with small-gauge trans-conjunctival sutureless vitrectomy techniques for ERM removal. [14] [15] [16] One of the limitations of this study was the use of VA as the sole measure of surgical success. Metamorphopsia is also a significant contributor to morbidity in patients with ERMs and it has been shown that, even though VA alone may not improve following ERM removal, metamorphopsia and quality of life does. 13 The results from this study show that ERM peeling is an effective treatment modality in improving VA in patients with ERMs with 70% achieving an improvement and more than half having a post-operative VA of 6 out of 12 or better. On the basis of previous studies, it is known that the functional improvement is likely to be higher than the documented VA improvement. 13 Furthermore, ERMs are known to cause aniseikonia with improvement in stereoacuity following ERM removal, especially if performed early. 17, 18 There is conflicting opinion regarding the timing of ERM removal. This study, one of the largest published series, demonstrates that earlier intervention (better preoperative VA) yields a better final VA. This relationship was linear with R 2 ¼ 0.22 (Po0.0001; Figure 1 ). The high level of variance shown by this R 2 value is likely due to other conditions within the retina, such as loss of receptors, cystoid macular oedema, or surgical trauma, all of which further reduce vision.
Other limitations of the study include its retrospective design and the variable time between operation date and follow-up for individual patients. To improve the reliability of the results in future studies, patients could be assessed and data recorded at fixed time points-for example, at 2 and 6 months.
The inclusion of patients both with and without cataract pre-operatively and post-operatively is also a limitation. However, by including these cases, the real population of patients with ERM has been represented. Combined cataract extraction and PPV can confound analysis of VA in vitreoretinal surgery. However, our analysis of the effects of pseudophakia and cataract removal did not show an effect on comparative VA outcomes in this study. The rate of complications was also similar between those undergoing ERM peeling only and those undergoing the combined procedure. Rates of complications in this study were similar to those of previously published articles. 5 It would therefore be of economic and symptomatic benefit to the patient if a combined procedure was undertaken as the rates of cataract progression are high following PPV. 19, 20 In conclusion, this study shows improvement in VA after PPV and ERM removal. Patients with better initial VA achieve higher levels of visual outcome but those with poorer pre-operative VA show a greater change in VA following ERM surgery. Results of surgery also improved over the time period of the study.
